This study aims to find out the causal relationship between air transport and economic growth based on income level. To this end, selected countries with high-income, uppermiddle-income, lower-middle-income, and low-income levels were included in the analyses for this study. Focusing on the 1990-2016 period, a total of 70 countries were classified according to their income levels and were analyzed empirically. In the study, panel causality analyzes by Kónya (2006) and Emirmahmutoğlu & Köse (2011) were used. Our findings show that GDP has a certain degree of effect on air transport. They also indicate that the unidirectional or bidirectional causal relationships running from GDP to air transport and air transport to GDP vary by the income level of countries.
Introduction
The close relationship between the demand for air transport and the country/ individual income is often underscored. Presumably, with the increase in income, individuals allocate more budget to traveling, and countries increase their infrastructure investments for air transport as well. Thus, a positive relationship is expected between the level of income of the country/individual and the demand for air transport. Therefore, in recent years there have been several studies on the relationship between air transport and economic growth (Hakim & Merkert, 2016; Hu et al., 2015; Beyzatlar, Karacal & Yetkiner, 2014; Mehmood & Shahid, 2014; Profillidis & Botzoris, 2015) . In these studies, the relationship was examined empirically on the basis of a particular country or group of countries, whereas the relationship between air transport and economic growth was not addressed on the basis of countries' income levels. As such, the current study focuses on whether there is a causal relationship between air transport and economic growth, based on the income level of the ten countries, and whether the income level is has an effect on this relationship.
Many studies in the research literature examine the factors that determine the nature of air transport. In these studies, an air transport model was created to model GDP change, and it was analyzed to see if the GDP/per capita income had any effect on the air transport. The studies on factors affecting demand in air transport clearly show that GDP has a significant influence on air transport demand (Hutchinson, 1993; Alperovich & Machnes, 1994; Aderamo, 2010) . Additionally, some studies found a high correlation between the variables of air transport and economic determinants (Ba-Fail, Abed & Jasimuddin, 2000; Baikgaki & Daw, 2013) .
The results of the above-mentioned studies show that GDP is an important determinant of air transport, but so far, very few studies have investigated the exact nature of the causality between GDP and air transport. Table 1 shows the studies on the causal relationship between air transport and economic growth. As seen in Table 1 , there is an uncertainty about the direction of the relationship between GDP and air transport. The determination of this relationship is crucial in making infrastructure investments for air transport or prioritizing these investments. In addition, the determination of the relationship between GDP and air transport based on countries' income levels may be a guide for developing air transport policies in lower-middle-income and low-income countries.
This study is aimed to expand and strengthen the previous studies on the relationship between air transport and economic growth. Unlike previous studies, this study examined the causal relationship between air transport and economic growth based on the income level of countries. Another contribution of this study to the literature is its method of classifying countries into four different subcategories according to income level in order to solve the problem of "lumping-together" in the panel data analysis. Therefore, this study extends the empirical literature on the causal relationship between low-income, low-middle-income, high-middle-income, and high--income countries, air transport, and economic growth.
The purpose of this study is to examine the causal relationship between air transport and economic growth in 70 countries for the period of 1990-2016, by using the panel causality analysis of Kónya (2006) panel Granger causality analysis and Emirmahmutoğlu & Köse (2011) panel causality analysis. The rest of this article is organized as follows: in the following section, the method and data used in the study will be described. In the third section, the empirical findings obtained from the analysis will be presented. In the fourth section, the findings will be discussed followed by a conclusion. Note: GDP → AT means that the causality runs from economic growth to air transport.
AT → GDP means that the causality runs from air transport to economic growth. GDP ↔ AT means that bidirectional causality exists between air transport and economic growth. AT (air transport), GDP= gross domestic product, VAR=vector autoregressive model, FMOLS= fully modified ordinary least square, DOLS= dynamic ordinary least square, CCR= conical cointegration regression ECM= error correction model and ARDL=autoregressive distributed lag, S-L Run = short or long-run causality.
Data and Method
Two key variables (air transport (AT) and GDP per capita in $US) were used in this study to examine the causal relationship between air transport and economic growth. In the study of 1990-2016 period, a total of 70 countries were analyzed, including 20 high income, 20 upper middle income, 20 lower middle income and 10 low income. These countries are shown in Appendix-1. All data were obtained from the World bank database (The World Bank, 2018). Descriptive statistics of the AT and GDP variables for the four groups of countries classified by income level are shown in Table 2 .
Two different analyses were used to examine the causal relationship between air transport and economic growth on the basis of income level of countries. The first of these is the bootstrap panel Granger causality analysis based on the heterogeneity hypothesis developed by Kónya (2006) . The second is the panel causality test developed by Emirmahmutoğlu & Köse (2011) and used for heterogeneous mixed models. 
Empirical Findings

Cross-sectional dependence
The cross-sectional dependence test was performed before the causality analysis was conducted. Cross-sectional dependence is related to whether the shock panel formed in one of the series affects all the units in the panel data. In this study, Breusch & Pagan (1980) , Pesaran (2004) , and Pesaran et al. (2008) cross-sectional dependence tests were used. Table 3 shows the cross-sectional dependence test results. The results of the analysis show that the 0 hypothesis is rejected for all four income levels. Thus, cross-sectional dependence is achieved in the series. 
Kónya (2006) Panel Causality Test
In the panel causality method developed by Kónya (2006) , the seemingly unrelated regressions (SUR) estimator is used instead of the least squares (OLS taken into account, and preliminary tests on the series such as stability and cointegration are not required. In this method, a common hypothesis is not required for all members of the panel because the direction of causality is analyzed based on country-specific bootstrap critical values in the Wald test (Kılıç, Buğan & Özbezek, 2016; Kar, Nazlıoǧlu & Aǧır, 2011) . The Kónya (2006) panel causality approach describes a system that contains two sets of equations. The bootstrap based panel causality method can be expressed by the following equation system: In this equation, y is the air transport (AT), and x is the GDP per capita (GDP). Further, N is the number of units (countries) in the panel, (j=1,…,N), t is the time period, and (t=1,…,T), l is the delay number. 1 and 1 are the maximum delay lengths of the variables in the first equation set, 2 and 2 are the maximum delay lengths of the variables in the second equation system. As a result of the application, for a unit (country) if all the (i), 1, coefficients are not equal to zero and 2, coefficients are all equal to zero, then there is a unidirectional causal relationship from variable x to variable y; there is a unidirectional causal relationship from variable y to variable x if 2, coefficients are all not equal to zero and 1, coefficients are all equal to zero. In addition, if all the 1, and 2, coefficients are not equal to zero, then there is bidirectional causality between the variables. If 1, and 2, coefficients are all equal to zero, it is concluded that there is no causal relationship between the variables. The bootstrap panel causality test results obtained from the analysis are shown in the following tables. Table 4 . Kónya (2006) causality test results for high-income countries Note: GDP → AT means that the causality runs from GDP to air transport. AT → GDP means that the causality runs from air transport to GDP. GDP ↔ AT means that bidirectional causality exists between air transport and GDP *, ** and *** indicate that the test statistic is significant at the 1%, 5% and 10% significance levels, respectively. The optimal lag length was decided according to the Akaike information criterion. The bootstrap number is 1000. The maximum delay length is 3. In Table 4 , the results of causality analysis for high-income countries are displayed. Accordingly, Iceland and United Arab Emirates have a causal relationship running from GDP to air transport. In contrast, none of the high-income countries has a causal relationship with direction from air transport to GDP. Table 5 . Kónya (2006) causality test results for upper-middle-income countries Note: GDP → AT means that the causality runs from GDP to air transport. AT → GDP means that the causality runs from air transport to GDP. GDP ↔ AT means that bidirectional causality exists between air transport and GDP *, ** and *** indicate that the test statistic is significant at the 1%, 5% and 10% significance levels, respectively. The optimal lag length was decided according to the Akaike information criterion. The bootstrap number is 1000. The maximum delay length is 3. In Table 5 , the causality analysis results for the upper-middle-income countries are shown. The findings of the analysis show that there is a causal relationship that runs from GDP to air transport in Brazil. In Bulgaria, there is a bidirectional causal relationship running from GDP to air transport as well as from air transport to GDP. In the Russian Federation, the relationship indicates a unidirectional causality towards air transport GDP. Note: GDP → AT means that the causality runs from GDP to air transport. AT → GDP means that the causality runs from air transport to GDP. GDP ↔ AT means that bidirectional causality exists between air transport and GDP *, ** and *** indicate that the test statistic is significant at the 1%, 5% and 10% significance levels, respectively. The optimal lag length was decided according to the Akaike information criterion. The bootstrap number is 1000. The maximum delay length is 3. In Table 6 , the causality analysis results for the lower-middle-income countries are shown. Accordingly, there is a unidirectional causal relationship that runs from GDP to air transport in three countries. These countries are Bolivia, Egypt and Philippines. In addition, the results of the analysis show that in five countries there is a unidirectional causal relationship running from air transport to GDP. These countries are Bangladesh, Cameroon, Mauritania, Morocco and Sudan. Note: GDP → AT means that the causality runs from GDP to air transport. AT → GDP means that the causality runs from air transport to GDP. GDP ↔ AT means that bidirectional causality exists between air transport and GDP *, ** and *** indicate that the test statistic is significant at the 1%, 5% and 10% significance levels, respectively. The optimal lag length was decided according to the Akaike information criterion. The bootstrap number is 1000. The maximum delay length is 3. Table 7 shows the causality analysis results for low-income countries. The results demonstrate that there is a causal relationship from GDP to air transport for Madagascar and Malawi. In addition, there are three countries where there is a causal relationship running from air transport to GDP. These countries are Mozambique, Tanzania and Zimbabwe.
Emirmahmutoğlu & Köse (2011) Panel Causality Test
The panel causality test, a panel data version of the causality test developed by Toda & Yamamota (1995) , was used in the study. Developed by Emirmahmutoğlu & Köse (2011) , this test is based on meta analysis in mixed heterogeneous panes.
In the meta analysis developed by Fisher (1932) , N units are tested and the significance levels (probability values) of this test are used (Zeren & Ergün, 2013:p.233 ). In a later stage, a single panel statistic is created using these probability values of the units. The advantage of this test is that it reduces longterm information loss by modelling with the level values of series, that it allows delay length to vary for each series, and that it takes the cross-sectional dependency into account (Gözbaşı, 2015:p.277; Gümüş & Koç, 2015:p.155; Büberkökü, 2016:p.189) .
In this method, first, a standard Panel VAR estimate is made and the appropriate delay length (p) is determined. Then, for the appropriate delay length, the degree of integration of the variable with the highest degree of integration ( ) is added. In the last stage, a Panel VAR model is estimated using the level values of the variables for the delay level ( + ) (Göçer, 2013:p.132; Kılıç, Buğan & Özbezek, 2016 :p.1139 Emirmahmutoğlu & Köse, 2011:pp.871-872; Topallı, 2016:p.89 ). In the Emirmahmutoğlu & Köse (2011) In the analysis, the modified Wald test is performed for the predicted delay length. 0 hypothesis is formed as "there is no causal relationship from y to x". Panel Fisher test statistics used in the study are presented in the following tables according to the income level of the countries. Note: GDP → AT means that the causality runs from GDP to air transport. AT → GDP means that the causality runs from air transport to GDP. GDP ↔ AT means that bidirectional causality exists between air transport and GDP *, ** and *** indicate that the test statistic is significant at the 1%, 5% and 10% significance levels, respectively. The optimal lag length was decided according to the Akaike information criterion. The bootstrap number is 1000. The maximum delay length is 3.
In Table 8 , causality analysis results for high-income countries are shown. Accordingly, there is a direct causal relationship between GDP and air transport in Australia, Austria, Iceland, Netherlands, New Zealand, United Arab Emirates and United Kingdom. In addition, in Ireland, there is a causal relationship from air transport to GDP. In Italy, there is bidirectional causality running from GDP to air transport as well as from GDP to air transport. The Fisher test statistic results show that high-income countries have a unidirectional causal relationship running from GDP to air transport. Note: GDP → AT means that the causality runs from GDP to air transport. AT → GDP means that the causality runs from air transport to GDP. GDP ↔ AT means that bidirectional causality exists between air transport and GDP *, ** and *** indicate that the test statistic is significant at the 1%, 5% and 10% significance levels, respectively. The optimal lag length was decided according to the Akaike information criterion. The bootstrap number is 1000. The maximum delay length is 3. Table 9 shows the causality analysis results for the upper-middle-income countries.
The results indicate a unidirectional causal relationship running from GDP to air transport in Argentina, Costa Rica, Ecuador and Lebanon. Furthermore, in Brazil and Romania, there is a bidirectional causal relationship running from GDP to air transport as well as from GDP to air transport. In Turkey, there is a causality from air transport to GDP. For the upper-middle-income countries, the Fisher test statistics point to the presence of a causal relationship running from GDP to air transport at the 1% level of significance, and from air transport to GDP at the 5% significance level. Note: GDP → AT means that the causality runs from GDP to air transport. AT → GDP means that the causality runs from air transport to GDP. GDP ↔ AT means that bidirectional causality exists between air transport and GDP *, ** and *** indicate that the test statistic is significant at the 1%, 5% and 10% significance levels, respectively. The optimal lag length was decided according to the Akaike information criterion. The bootstrap number is 1000. The maximum delay length is 3. Table 10 shows the causality analysis results obtained for the lower-middle-income countries. Accordingly, there is a unidirectional causal relationship between GDP and air transport (running from GDP to AT) in Bolivia, Jordan and Vanuatu. In Bangladesh and Morocco, there is a causal relationship from air transport to GDP. Cameroon and Kenya are the countries that have bidirectional causal relationship from GDP to air transport as well as from GDP to air transport. The Fisher test statistics results show that the lower-middle-income countries have a causal relationship directed from GDP to air transport and from air transport to GDP at the 1% significance level. Table 11 . Emirmahmutoğlu & Köse (2011) causality test results for low-income countries Note: GDP → AT means that the causality runs from GDP to air transport. AT → GDP means that the causality runs from air transport to GDP. GDP ↔ AT means that bidirectional causality exists between air transport and GDP *, ** and *** indicate that the test statistic is significant at the 1%, 5% and 10% significance levels, respectively. The optimal lag length was decided according to the Akaike information criterion. The bootstrap number is 1000. The maximum delay length is 3. Table 11 shows the causality analysis results for the low-income countries. The results of the analysis show that there is a causal relationship between GDP and air transport (from GDP to AT) in Ethiopia, Malawi, and Tanzania. In addition, Uganda and Zimbabwe have a causal relationship from air transport to GDP. The Fisher test statistics results show that in the low-income countries, there is a unidirectional causal relationship between GDP and air transport (from GDP to AT) at the 1% significance level.
Conclusion
In this study, the causal relationship between air transport and GDP was examined using two different methods based on the income level of the countries. The first of these methods is the bootstrap-based panel causality analysis developed by Kónya (2006) , which factors in the cross-sectional dependence and heterogeneity. The second is the panel causality method developed by Emirmahmutoğlu & Köse (2011) , which uses meta-analysis of composite heterogeneous panels. Representing four different levels of income, a total of 70 countries selected on the basis of data accessibility were included in the analysis covering the period of 1990-2016. Kónya (2006) panel causality findings indicate that, for two countries in the highincome country group, there is a causal relationship directed from GDP to air transport. In this country group, no causality from air transport to GDP could be established. In the upper-middle-income country group, one country has causality running from GDP to air transport, one from air transport to GDP, and one has a bidirectional causal relationship. In the lower-middle-income country group, three countries have causality with direction from GDP to air transport, and two countries have causality running from air transport to GDP. Finally, in the lowincome country group, two countries exhibit a causal relationship running from GDP to air transport, and three countries have this causality running from air transport to GDP. Proportionally speaking, 10% of the countries in the highincome and upper-middle-income groups, 15% of the countries in the lowermiddle-income group, and 20% of the low-income group have causality running from GDP to air transport. These ratios indicate that as the income level declines, the number of countries with a GDP-to-air transport type causal relationship proportionally increases. Similarly, there are only two countries with air transportto-GDP type causal relationship in the high-income and upper-middle-income groups. However, this number rises to eight in the lower-middle-income and lowincome country groups (although the number of countries included in the sampling is lower). Therefore, as the income level of the countries decreases, the number of causal relationships running from air transport to GDP is observed to increase.
When the Emirmahmutoğlu & Köse (2011) panel causality analysis results are examined, it is clear that in the high-income country group, there is a causal relationship from GDP to air transport in seven countries and from GDP to air transport in one country. In one of the countries, there is bidirectional causality from GDP to air transport as well as from GDP to air transport. Analyzing the Fisher test statistics values for all the countries in the panel, it is noticed that there is a unidirectional causal relationship from GDP to air transport at the 1% significance level in the high-income country group. In the upper-middle-income country group, six countries have a causal relationship from GDP to air transport and one country has it from air transport to GDP. In two countries, a bidirectional causal relationship has been identified. At this level of income, the Fisher test statistics values for the country group indicate the presence of a bidirectional causal relationship from GDP to air transport as well as from air transport to GDP, with significance of 1% and 5%, respectively. In the lower-middle-income country group, in three countries there is a causal relationship from GDP to air transport, and in two countries from air transport to GDP. Two of the countries in this group have a bidirectional causal relationship both from GDP to air transport and from GDP to air transport. For all countries in the panel, the Fisher test statistics values through which the causal relationship was analyzed demonstrate that a bidirectional causal relationship at a level of 1% significance exists in the lower-middle-income country group. Finally, in the low-income country group, the causality runs from GDP to air transport in three countries, while it runs from air transport to GDP in two of them. Fisher test statistics values for the country group at this income level point to the presence of a unidirectional causal relationship from GDP to air transport at the 1% significance level.
Some countries stand out in both empirical analyzes by demonstrating both a causal relationship running from GDP to air transport and from air transport to GDP. Thus, the existence of a GDP-to-air transport causal relationship in Iceland, United Arab Emirates, Brazil, Bolivia and Malawi has been proven by both causality analyses. Furthermore, both causality analyses have also confirmed that Bangladesh, Cameroon, Morocco and Zimbabwe have a causal relationship running from air transport to GDP. Most notably, the countries for which air transport-to-GDP causality has been verified in both empirical analyses belong to the lower-middle-income and low-income country groups, which supports the hypothesis that especially in the countries with below-average income level, air transport has an effect on economic growth.
